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@ Computer controlled exercise machine.

@ A computer controlled exercise machine In which the user

selects an exercise mode and its profile by programming the

computer. Signals are produced by the program to control a
resistive force producing device. Sensors produce data signals

corresponding to the force applied to the actuating member of

the system, velocity of movement and angular position which
are continuously sampled at a high rate by a microprocessor

21 operating under control of the program. The sampled data" values are used to update and display performance results for

^ the exercise and to compute the values of other parameters
Sj and, in some exercise modes, to control the amount of the

^ resistive force.
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Description

COMPUTER CONTROLLED EXERCISE MACHINE

BACKGROUND OF THE INVENTION
Exercise machines for physical development and 5

rehabilitation uses are well known and take a variety

of forms. Typical forms include: user operated free

weight machines, such as chest press, shoulder

press, etc. on which weights are lifted along a
straight line of either standard resistance or variable w
resistance form; cam operated machines to obtain a
desired force curve; machines in which the user

exercises against a pneumatic force, etc. Each such

machine is designed to exercise one or more groups

of muscles of an extremity or part of the body in a 15

certain manner, i.e. to provide resistive force for the

user to exercise against in a predetermined and
position determined way. The force vs. position

relationship is often called the force curve or force

profile. 20
Typically, there are three modes of exercises that

a user wishes to perform, these being the isometric,

isotonic and isokinetic.

a) In Isometric mode exercises, the rate of

angular change or velocity of the part of the 25
body being exercised is zero, while the force

can be applied In either of two directions. That

is, the exercise is at zero velocity and only heat

is developed as the user pushes or pulls against

a non-movable object. 30
b) In isotonic mode exercises, the load, or

resistive force, has a constant value while the

velocity varies. Such exercise mobe Is often

performed on a standard resistance weight

machine where weight plates are moved up and 35
down a track as the user moves a lifting arm,

foot pedal, etc.

c) In isokinetic mode exercises, the force

varies to match the user applied force in such a
way that the velocity of force application is kept 40

constant.

Each user desires to perform one or more
exercise modes to satisfy different body develop-

ment or rehabilitation goals. Each exercise would
preferably have a force curve Individualized for the 45
user to match his goals and his strength capabilities.

In the past, where machines using weight plates or

friction type devices have been employed, this has
required trie use of several different types of

machines and the mechanical adjustment of the 50
resistive force. Such machines also have restriction

in the number of modes and types of exercises that

can be performed.

Attempts have also been made to select and
control the exercise and its resistive force by the use 55
of computers or microprocessors. See, for example,
U.S. Patent Nos. 4,354,676 to Ariel, 4,063,672 and
3,902,480 to Wilson and 3,869,121 to Floweli; and
European Patent Application No. 83301887.2 (Publi-

cation 0095832A1). The devices disclosed in these 60
patents and publications have various limitations

both in the way In which the resistive force is

produced and the variety and types of exercises that

can be performed on them.

BRIEF SUMMARY OF THE PRESENT INVENTION
in accordance with the invention, a novel com-

puter controlled exercise machine is provided

wherein the user selects the exercise mode he

wishes to perform and its parameters, such as force,

velocity, etc. by programming them into the com-
puter, the user then performs the exercise by way of

moving an actuating member, for example, a
rotatable member in either direction for up to or over
360° , which Is coupled to a resistance producing

device. In a preferred embodiment of the invention,

the resistance producing device is of the electrically

controlled type, such as a magnetic particle brake,

which can produce the required amount of resistive

force over a full 360° of rotation of the actuating

member.
As the user moves the actuating member against

the resistive force provided, the amount of force

(torque) the user applies and its velocity (speed) is

measured continuously and sampled on a continu-

ous basis at high speed by the computer. These
measured force application characteristics are used
by the computer to calculate the results of the

exercise parameters on a real time basis. They also

can be compared against the characteristics of the

force which is intended to be provided under the i

control of the program to achieve the desired

exercise. Depending upon the exercise selected and
its parameters, the computer produces appropriate

control signals to adjust the resistance that the user

encounters or monitors the force application.

The system of the invention Is highly advant-

ageous in that it is versatile and Is able to

accommodate a wide range of forces and velocities

to be applied in a variety of exercise modes. It also

has provisions to easily change both the selected

mode and force curves on an individual basis to

accommodate a wide range of users.

In addition, the results of the exercises performed

by the user can be analyzed by the computer on a
continuous basis to obtain information relating to

items such as the force applied, velocity of applica-

tion, angular position at which a predetermined,

maximum or minimum amount of force or velocity Is

produced, exertion, etc. All of this information can
be displayed concurrently with Its production or

recorded for use at a later time by the person
exercising, a trainer or a therapist.

OBJECTS OF THE INVENTION
It is therefore an object of the present invention to

provide a computer controlled exercise machine.

An additional object is to provide a computer
controlled exercise machine for affording a variety of

exercise modes to the user with the resistive force

and velocity characteristics of the exercise either

selected by the user or being pre-programmed.

A further object is to provide an exercise machine
under computer control which continually monitors
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,
efforts of the user.

Another object is to provide an exercise machine

whose resistance producing mechanism Is con-

trolled by a computer in accordance with a selected

program and in which the force the user applies to

the machine and its velocity of application Is

monitored to produce control signals to adjust the

machine's resistance producing mechanism to

correspond to the selected programmed force

characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects and advantages of the present

invention will become more apparent upon reference

to the following specification and annexed drawings

in which:

Fig. 1 is an overall block and schematic

diagram of the system ; and

Fig. 2 is a schematic diagram showing how
certain signals and compared and produced;

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 is a schematic diagram of the system. It

Includes a computer 10, which is basically a high

speed system which monitors torque, speed and

shaft angle position data and outputs motor and

brake control signals to effect the desired exercise

type. It also formats and passes along torque and

speed exercise results to a user interface computer

having the usual microprocessor, ROM based

instructions for utilities and peripherals, RAM mem-
ory keyboard, etc. The computer preferably includes

a suitable replaceable storage device, for example, a

conventional floppy disk device 12 which accepts

disks having various programs stored thereon. The

operating system for the computer and the parame-

ters for the exercises for the Individual users are

stored on such discs. Results of the user's past

performance in various exercises also can be stored

as the disc.

The operating user Interface portion of the

computer is designated "PC" 16 to connote that it is

of or comparable to the so-called personal micro-

computer type. It has the necessary hardware and

electronic circuits to interface with the peripheral

input and output devices, in addition to the disc drive

or drives 12, these include a keyboard 18 to enter

numerical data such as the exercise parameters,

respond to program commands, etc., a monitor 13 to

display both input and output data, and preferably a

•mouse" 20 which is used to move the cursor or

icons on the display and to select an exercise. Such

peripheral devices and their functions are also well

known in the art.

The computer has the usual microprocessor

board designated 24. Such board contains compo-
nents such as the microprocessor itself, a ROM chip

which has the instruction code to control the

microprocessor and its arithmetic logic unit to

perform various functions in accordance with the

Instructions which are supplied to the microproces-

sor from the program on the floppy disk, etc. All

such components and functions are well known in

the art.

A control data bus 30 on the board 24 receives

control and data signals from the program inserted

into the floppy disk 12 and the keyboard 18 or mouse
20. These signals are used to control the operation

of and provide data to the microprocessor 24. The

5 microprocessor 24 also receives data signals of the

characteristics, i.e. quantity and velocity, of the force

applied by the user.

Signals of the measured torque are produced on

line 45, speed on line 46, instantaneous angle of the

10 position of a shaft 40 during its rotation on line 47. If

these signals are in analog form, the microprocessor

board has suitable circuits to make an analog to

digital (A/D) conversion. The direction of the shaft

rotation can be computed either from the measured

15 torque or angle signals. For example, a shaft angular

position sensor will produce signals going in

opposite directions, usually voltage changes is

opposite polarity, for the two different directions of

rotation.

20 In the operation of the system, the user inserts a

control program disc into the disc drive 12. The disc,

has stored thereon one or more programs with data

corresponding to desired exercise and its parame-

ters. These can be either of the isometric, isotonic or

25 isokinetic type. A variety of programs are preferably

available on a single disc and are displayed when the

exercise directory is called on the monitor 13. The

user selects the particular exercise (mode) by the

mouse 20 and its protocol (parameters) by operating

30 the keyboard 18. That is, a single disc can contain

programs corresponding to several different exer-

cise modes and various strength level exercises In

these modes. The user selects the exercise and then

inserts the parameters, such as resistive force and

35 velocity, on the points of inquiry such as certain

angular positions of the shaft at which data is to be

acquired, via the mouse and keyboard. There also

can be exercise programs on the disc whose
parameters cannot be modified.

40 As described in greater detail below in the

preferred embodiment of the invention, the user

applies force to a rotary actuator member. The

torque and velocity of the applied force against the

system provided resistive force are measured. The

45 computer controlled exercise system of the present

invention also has application where the force is

applied linearly, along the curved path, etc. However,

it has been found that the use of a rotational force

through a full 360° gives greater versatility to the

50 machine.

The part of the system which is mechanical and

which the user confronts is generally shown on the

right hand side of the drawing of Fig. 1. This includes

a rotatable actuattng member 36 which can have a

55 rotatable handle 38 on its end. The actuating

member 36 can be either a bar, wheel, etc. Member
36 has an output shaft 40 which extends through a

control head panel 42 which Is fixed, for example to

the frame of the machine, relative to the shaft 40. The

60 shaft 40 extends through a torque sensing device. A
torque sensing collar, such as described in co-pend-

ing application Ser. No. 005,037 filed 20 January 1987

and assigned to the same assignee, is preferably

used. Such device basically has one end fixed to

65 frame 42 and the other end to a part, such as a gear

3
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box, movable in response to the applied force. The

amount of "twist" of the collar between its two ends,

which corresponds to the force applied by the user

against the resistive force, is measured by a strain

gauge, or other device, and its associated electronic

circuitry. Any other suitable torque measuring

device can be used, so the torque sensing device 44

is shown merely in block form.

The shaft 40 extends into a force reduction device.

In a preferred embodiment, this is gear box 46 which

is preferably a worm gear driven in the reverse

manner. That is, the input drive gear at the end of the

shaft 40 is larger than the output gear of the gear box

46. The gear box 46 itself has an output shaft 50

which actually Is one end of the shaft of an electric

motor 52 which has the usual stator (not shown)

associated with Its housing and the rotor (not

shown) which would be located on the shaft 50.

Motor 52 is preferably a high speed motor, for

example, of the type in which high strength perma-

nent magnets are on the rotor. The other end of shaft

50 extends into a brake 54 which Is preferably a

magnetic particle brake of the type such that variable

resistance can be supplied In accordance with an

electrical control signal supplied to the brake. A part

of the shaft 50 extends through the brake and is

coupled to a speed and angle position sensor 56,

which can be of any conventional optical or

mechanical type.

The disc to be inserted Into the computer disc

drive also contains the application or operating

program. That is, this program instructs the com-

puter on the rate of sampling of and how to use the

measured torque, velocity, rotational direction and

angular position data. Such instructions would

instruct the microprocessor on what data is to be

processed and how it is to be processed, the resuits

to be calculated, the display of certain selected

results and data, etc. It should be understood that

some or all of the application program can be in a

programmable read only memory (PROM or

EPROM) which would be part of the computer

system filmware/hardware instead of being part of

the software on the disc. Such choice of techniques

is well known.

After the exercise protocol is established, the

information contained on the floppy disc in digital

form is applied to the microprocessor board 24 in

accordance with well known techniques. That is, it

can be loaded into RAM on the circuit board or on

the microprocessor all at once, in sequence, etc.

Again, this is in accordance with the capacity of the

computer and the manner in which the program on

the disc is written. There also can be exercises on

the disc whose parameters cannot be modified or

selected by the user through the keyboard or

mouse. The disc aJso can have the past results of

prior performance by the user so that exercise

results can be comparable and analyzed at different

times, in a typical case, a history of one user can be

kept on a disc, i.e. each user would have his own
disc. If desired, this can be accomplished in a

separate data disc.

The information supplied from the program Is

processed through the microprocessor 24 to initially

send signals to a brake and motor controller circuit

60. This has the necessary circuitry to supply signals

over a line 62 to control the magnetic particle brake

54 thereby to provide the desired amount of resistive

5 force. Circuit 60 also provides a signal on line 63 to

control the motor 52 which provides assistance to

the user. That is, if a high speed, low resistive force

(low torque), exercise is called for, a certain amount

of inertia within the system such as from the gear

10 box and the hysteresis value of the brake, must be

overcome. To do this, signals are applied from circuit

60 to the motor 52 so that the motor provides an

aiding force by rotating shaft 50 in the same
direction that that the user turns it as he rotates

15 input shaft 40.

As the user rotates the shaft 40, the torque is

measured by the torque sensing device 44 and its

associated electronic circuits. This measured torque

is applied over tine 45 to the microprocessor 24.

20 Similarly, the measured speed of rotation and

angular position information of shaft 40 is also

supplied to the microprocessor 24. These measured

parameters of torque, speed and angle can be

processed by the microprocessor to compute and

25 produce a display of a variety of quantities, e.g.

Instantaneous torque, speed, and power; average

torque, speed and power; angular position of shaft

for peak speed or peak torque; total and average

exertion, etc. All of these measurements are made
30 and processed on a high speed basis in accordance

with he operation of the computer program. That is,

the program instructs the microprocessor to use the

measured information continuously to perform a

variety of functions and computations at a rate of

35 several hundred thousand times a second. Effec-

tively, the continuously produced torque, speed and

angle signals are sampled and their data processed

by the computer several hundred thousand times a

second.

40 In at least the isokinetic mode of exercise, a

comparison is made between the resistive force

produced by the brake and a selected rotational

velocity, as set by the program loaded into the

computer through the floppy disc, and the amount of

45 force actually being produced by the user as he

rotates the shaft 40. It should be understood that

this comparison is being done on a continuous

high-speed basis in digital form. As a result of this

comparison, the microprocessor board produces a

50 control signal which is applied back to the brake/

motor controller board to control the amount of

resistive force presented to the user by brake 54 as

he rotates shaft 40.

The operation of the system for its various

55 exercise modes is now described. Reference is first

made to Fig. 2 which is a block diagram illustrating

the use of certain signals by the computer.

The microprocessor arithmetic logic unit (ALU)

receives timing signals from a high frequency clock

60 204 which is part of the computer. It should be

understood that all modern microprocessor units

have a highly stable clock crystal which produces

clock pulses at a rate of at least 4MHz and some as

high as 16 Mhz or higher. Thus, it is a relatively

65 simple matter and is conventional, to perform

4
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functions such as data sampling at a certain rate and
at precise time intervals. The operating speed of the

computer is made as high as possible, consistent

with cost limitations. The microprocessor ALU also

receives on lines 45, 46, 47 the digital version of the

measured torque velocity and angular position

signals previously described. From at least one of

the latter two, the direction of shaft rotation is

determined.

Microprocessor 24 also receives data from the

program read out from the disc and operating

instructions from the computer system BIOS 206 in

accordance with instructions read from the program.

These instructions control the operation of the ALU
to perform its functions, e.g. add, subtract, compare,

on the data applied to its own internal storage

registers or at other memory locations, for example

in a separate RAM 210, which is part of the PC
system 16 to which the microprocessor has access.

The microprocessor ALU communicates with

RAM 210 which stores the data of the various

measurements and the results of calculations. The
RAM in turn communicates through the PC system
with one or more output devices such as the monitor

12, a printer, the disc drive 12 (to store its results)

etc. All of the foregoing is conventional in the

computer art.

ISOTONIC
The various exercise modes and some of the

possible measured and computed results are now
discussed.

In performing an isotonic exercise, the computer
performs a number of functions. These are de-

scribed below, using the prefix T (isoTonic).

T1. Measurement of the peak speed (velocity).

That is, the signal produced by the speed sensor
66 is measured. A part of the computer RAM 210 Is

assigned to hold this speed data which is applied to

it via the microprocessor. The computer program on
the floppy disc instructs the microprocessor ALU to

update this stored information at given times, which
are measured In accordance with the signals

supplied by the clock 204 and to replace the peak
speed data stored in RAM when a new peak speed
has been attained by the user. Effectively, the data of

each new measured speed value is compared with

the peak speed value previously stored and the new
speed value is stored as the peak speed If it is

greater than the stored value against which it is

being compared. This value can be continuously

displayed on an updated basis, or displayed and
stored at given time intervals, or after the exercise

cycle is completed in accordance with the control

program on the disc or as a user selected option or

both.

T2. Measurement of the angular position at which
the peak speed occurs.

It is sometimes desired to know at what angular

position of rotation of the actuating member that the

peak speed occurs. This is desired In situations

where the machine is to be used for purposes of

rehabilitation. This can be related, for example, to

the responsiveness of a muscle group of an arm or

leg at a predetermined position. This could be either

during the extension of the arm or leg or its

retraction. A therapist would keep a record of this

5 over the times the user exercised to analyze the

improvement or deterioration of the user's muscle
group under consideration or the user himself would
use It to monitor his progress toward his physical

development goals.

10 The microprocessor ALU uses a part of the

computer RAM 210 to store the angular position

data which is continually produced by the sensor 56.

Here, in the computer, each time the peak speed
data is updated as described in T1, the angular shaft

15 position (degree) data is also updated and stored in

RAM. This is done under the system control program
on the disc.

T3. Time to reach peak speed.

20 This is related to the information developed In T1

above. When the user begins to exercise by turning

the application member 36, the clock signals from
clock 204 start to be counted to time the exercise

cycle. The clock timing cycle is started, for example,

25 upon a change in the angular position signal on line

47, or the torque and speed signals on lines 45 and
46 coming off a zero value. Here, also a part of the

RAM 210 is assigned to hold the time data. Each
time the peak speed data is updated, the time,

30 starting from zero, at which the peak speed update
occurs Is also updated.

T4. Time to Torque.

An isotonic exercise is at a constant (force)

35 torque. This constant torque value Is set as part of

the control program, which can Include an option for

the user to set the value from the keyboard, and the

signal needed to provide the required resistive force

Is applied to the brake control circuit to control the

40 braking device 54. It will take the user some finite

time to achieve this torque since it cannot be
reached instantaneously. This information is also

useful to the therapist or user in evaluating the

condition and/or goals of the user. Here also, a part

45 of the RAM 210 stores this data under the control of

the ALU. The microprocessor ALU is operated by
the control program to produce and store this time,

starting from time zero of the exercise cycle, by
comparing the torque set by the program of the user

50 against the actual measured torque. When the

former quantity is reached by the user rotating the
shaft, the measured time Is stored in RAM.

T5. Speed at a certain angular position.

55 This is measured for a reason similar to the
measurement of the angular position at which the ,

peak speed occurs. That is, to evaluate a muscle
group, which corresponds to a certain rotational

position of the actuating member 36 as rotated by
60 the user, the speed at that angular position Is

measured. This is done by the microprocessor ALU
which is receiving data continuously on the speed
and angular position of the shaft 50. At the angular
position set by the control program, the speed Is

65 stored In computer RAM 210. If desired, the program
'

5
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is provided with the capability of measuring the

speed at two or more angular positions of the shaft.

The one or more angular positions are preferably

selectable by the user, that is, they are variables

selected by the user through the keyboard. 5

T6. Total work.

This is a measurement of the force extended

(torque applied against the resistive force) by the

user over the entire time he is exercising. In a 10

rotational system where torque is applied, work (W)

Is measured as:

w » 92

J Td9
61

where
T = the torque applied in Ib-ft = F (force applied)

x 1 « (length of moment arm)

e « the total angular rotation of the shaft in

degrees

Starting from the beginning of the exercise cycle, the

microprocessor ALU samples the measured torque

data, which is produced continuously, at a fixed rate

of several hundred thousand times per second and

keeps track of the angular rotation of shaft 50. This

data is stored in RAM on an additive basis. The

stored value is converted into the desired units to be

displayed, i.e. total foot pounds.

The total work value is being incremented contin-

ually in RAM so that the total work up to the given

instant of each shaft angular position data update is

available. This continuously incremented data is

displayed at reasonable increments, e.g. once per

second or half second, so that a display can be

visualized and be meaningful.

T7. Average Work.

This value is developed on the basis of T6. That is,

the total work value is not a linear time function since

the user applied torque varies over time. The data on

total work is always stored In RAM and is being

continuously updated. To compute average work,

the ALU measures the time since the start of the

exercise cycle and it divides the total work by the

elapsed time since the start of the exercise to

compute the average work. This computed data is

stored in RAM.

T8. Other data.

With the data above described computed, other

data also can be computed. For example:

a. average power - power is the rate of doing

work, in T7, the average work is measured.

Thus, the average power can be computed from

this value.

b. average speed - this is the speed values

measured at each increment which are aver-

aged over the entire period of the exercise

cycle. The average can be updated at each

measurement increment.

c. exertion - there is an arbitrary quantity

which can be used, if desired, to relate all three

exercise modes. It is a measure of the force

applied (torque) over a period of time, usually

the time of the exercise cycle. That is, the

torque data in 1b-ft, as measured by 44, is

stored in RAM 210 and Its value incremented,

i.e. so that there is a running sum of the torque.

The time duration of the exercise cycle is also

incremented and stored. Thus, there Is a

running product of torque times time, which is

arbitrarily called "torque seconds'. This value

can be displayed and/or recorded on a running

or final basis. The average exertion also can be

computed for display or storage.

15 T. Bi-directional

- The user can perform most exercises in two

directions. That is, he can rotate the actuating

member either clockwise or counter-clockwise. This

corresponds to an extension or retraction of the

20 muscle group being exercised. All of the foregoing

results can be calculated for movement of the

actuating member in either direction. The data for

the results of the exercise in each direction is stored

in memory and can be displayed or recorded. There

25 would be two register locations for each measured

and calculated parameter, one for each direction of

rotation. In a typical case, the results will be

compared on a one-for-one basis, that is, peak

speed in both directions; angular position for peak

30 speed in both directions, time to peak speed in both

directions, etc.

T. Graphics - Graphic Display.

It is often desirable that the user or person

35 monitoring the exercise view the results. All of the

foregoing measured and calculated results are

available for display and can be displayed on a

suitable visual display such as a video monitor. The

results can be updated as the update occur in

40 computer memory or on a periodic basis such as

once each 1/2 second or second, so that the display

will be readable.

An overall isotonic graph can be presented for

viewing. The graph preferably has, for example, the

45 speed in degrees (of actuator member rotation) per

second as the ordinate and the angular position of

the actuating member as the abscissa. The latter can

be dimensioned in any desired units, e.g. 10 degrees

per unit. AH of this information is available In

50 computer memory on a real time basis and it can be

displayed. In the Isotonic mode exercise, it is

sometimes desirable for the user to exercise and

exert a small torque at a maximum speed. If the

torque value is lower than the inertlal losses of the

55 mechanical parts of the system, I.e. the use cannot

exert enough force to get the actuator member and

connected shaft to rotating, the computer control

program causes on assist signal to be produced

which is applied via the motor/brake controller to the

60 motor. The motor will turn In the same direction as

the user Is attempting to rotate the shaft.

ISOKINETIC

In the isokinetic mode, the computer program

65 sets a constant velocity and the resistive force of

6
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brake 54 is varied as the user rotates the shaft so

that this constant velocity is maintained. For

example, if the user reduces the force he is applying,

the computer will reduce the resistive force pro-

duced by the brake 54 so that the rotational speed

will be kept constant.

Isokinetic exercises which are performed by the

computer are described below using the prefix letter

K (isoKinetic). Where the measured functions are

the same as ones previously described, they are so

noted.

K1. Peak torque.

Here the continuously measured torque is respec-

tively sampled at high speed as previously de-

scribed. Each measurement is compared with a prior

value of maximum torque stored in the RAM and If it

exceeds such value, it is stored as the new peak

torque value. That is, there is a register for torque

value which is continuously compared and updated

when a higher, peak torque value occurs.

K2. Angular position at which peak torque occurs.

When the RAM is updated with a new peak torque

vaiue, the angular position as measured by the

angular position sensor 54 at which said update

occurs is also stored in RAM. This is done under the

direction of the control program.

K3. Time to reach peak torque.

As the exercise cycle starts, the timing of the

cycle begins from zero. At each update of a peak

torque value (K1), the time at which it occurs is

stored.

K4. Time to Speed.

This is the time measured from the start of the

exercise cycle to reach the velocity set in by the

computer program. Such velocity value also can be

selected by the user via the keyboard. That is, the

measured speed data is compared against the set

speed and when the former equals the latter, the

time, at which this occurs is stored.

K5. Maximum Speed.

In some cases, the user will not reach or will

exceed the speed set by the program. The speed

measured at each sampling time is stored and the

RAM is updated each time a value higher than the

stored vaiue is measured. That is, the highest speed

that the user reaches is stored in RAM. This value

may be less than the vaiue set in for the exercise.

K6. Torque at Certain Angular Position.

When exercising a certain part of the body, it may

be desired to determine what was the torque at a

certain position of the body limb. Accordingly, the

program can set in one or more angular positions

(degrees) and store the measured torque value at

such angular position(s). In the ALU the torque

measured at the selected angular position is

sampled and updated into the RAM.

K7. Total Work.

See T6.

K8. Average Work.

5 See T7.

K9. Average Power.

See T8a.

10 K10. Exertion.

See T8c. The use of this quantity permits a

quantitative estimate, or a "figure of merit" to be

made among the various exercise modes. It should

be understood that the isotonic and isokinetic

15 modes require motion of the actuating member

when the Isometric mode does not require motion.

K. Bidirectional.

See T Bidirectional. As discussed, any of the

20 measurements and calculations can be made with

the actuating member turning In either direction.

Graphics
- See T Graphics. As discussed, any of the

25 measured or computed data can be displayed.

An overall Isokinetic graph can be presented for

viewing as the user performs the exercise. This

graph preferably displays the instantaneous work

being performed, in foot pounds, as the ordinate and

30 the angular position of the shaft (in degrees) as the

•abscissa. As before, the latter can be in any desired

units, e.g. 10 degrees, of angular rotation.
-

ISOMETRIC
35 In an isometric (IsoMetric) mode exercise, the rate

of angular change of velocity of the part of the body

being exercised is zero, i.e. the velocity or speed is

constant, and the exercise can be in either of two

directions. That is, the user attempts to rotate the

40 actuating member in either direction against the

resistive force of the brake. An isometric exercise

involves the muscular exertion of force against a

stationary load and allows for the maximum effort of

a specific number of muscle fibers dedicated to a

45 muscle joint angle. Since no motion occurs, the only

by-product of this type of muscle exertion is heat.

That is, the user exercises against the load and a

measurement is to be made of his exerted force. The

load set in by the computer to the brake 54 must be

50 large enough so that It cannot be overcome. Also

the angular position of the actuating member at

which the exercise Is performed can be selected.

The various measurements made and results

calculated In this exercise are discussed below.

55

M1 - Peak Torque
- This is a measurement of the peak force applied

by the user. It should be understood that to produce

a torque force required so movement since torque is

60 the product of force time a moment arm (the length

of the actuator member). During each measured

data sample, the amount of torque measured is

compared with the peak torque stored and if the

current measured torque value is greater than the

65 stored value, an update is made of the new peak
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value.

M2- Degree at Peak
- As explained previously, here the anguiar degree

at which the peak torque occurs is stored. This is

also updated as the peak torque value is updated.

M3- Torque at Specific Angular Position(s)

- As described before (K6), it is sometimes

desired to measure the torque applied at a specific

angular position in opposition to the constant load.

This can be done since the angular position of the

actuating member is always known. A value of the

angular position, or several such positions, set into

the program, will cause the ALU to store into the

RAM the torque at such position (s).

As previously described, other calculations can

also be made in a similar manner, these being total

work, average work, total exertion, average exertion,

etc. In addition, the measurements are made and the

results calculated for both directions of force

exertion against the actuating member.

As before, all of the measured vaJues and

calculated results can be displayed and/or recorded

as desired. For a display of the overall isometric

exercise graph, the ordinate would be the torque

applied (in 1b-ft) and the abscissa would be the time

of application, in selected units, e.g. 1/2 second.

Individual Dynamic Variable Resistance Mode
Another form of exercise is a variable resistance

which has worked, for example, in a chest press, of

mechanical construction, an arrangement is pro-

vided for varying the resistance upon an extension of

the limb being exercised.

The present machine has the capability for also

performing a variable resistance excerise mode
tailored to an individual user. In a variable resistance

mode, the user is to exercise against a force which

varies depending upon the position of extension or

retraction of the limb which Is being exercised. For

example, when exercising an arm, the user has more

power when the arm is fully extended. Thus, It Is

desirable to tailor the amount of resistance that the

user exercises against during rotation of the actuat-

ing member.
To do this, the user uses the computer in a record

mode and then rotates the actuating member. In so

doing, the torque that the user exerts at its position

of extension or retraction of the limb is recorded.

This record Is then used to set the user's own

individual dynamic variable resistance (IDVR) force

. curve.

When the user is ready to exercise, he selects the

IDVR mode and his force curve and begins to

exercise. He can vary the magnitude of the force

curve. During such exercise over the range of

movement of the actuating member, various par-

ameters can be measured as explained before in

connection with the exercise modes discussed

above. This can be, for example, peak speed, degree

at which peak speed occurs, time to peak speed,

total work, average work, average power, total

exertion, etc.

In addition, a graphical display can be presented

of the speed at which the user is rotating the

actuator member (In degrees per second) as the

ordinate and the angular position of the shaft In

degrees.

5 The system has been described with respect to

the user performing "passive" exercises. That is, the

user exercises and moves the actuating member

against an existing force, and the actuating member

is otherwise stationary. The system also can be used

10 in "active" mode exercises. In such exercise, the

system turns the actuating member and the user

exerts force to prevent the turning so as to keep the

actuating member stationary. This can be accom-

plished by suitably controlling the motor 52 to turn

15 the shaft 50 with the desired amount of torque so

that the user can apply force against this.

As mentioned previously, the system can be used

with actuating members which move in a direction

other than rotational, e.g. linear.

20

Claims

25 1. An exercise system for performing a

variety of exercises comprising:

computer means,

means for producing a resistive force,

means operated by said computer means

30 for controlling the amount of resistive force

produced by said force producing means,

an actuating member for operation by the

user against such resistive force,

means for measuring the force applied to

35 said actuating member, and for producing

signals corresponding thereto,

said computer means sampling the data

values of said signals on a high speed basis.

2. A system as In claim 1 wherein said

40 actuating means is movable and said measuring

means also measures the velocity of motion of

said actuating member in response to the

applied force.

3. A system as In claim 1 wherein said

45 actuating member is rotational and is to be

rotated by the user and the measured force is

the applied torque.

4. A system as in claim 3 wherein said

actuating means is movable and said measuring

50 means also measures the velocity of motion of

said actuating member in response to the

applied force.

5. A system as in claim 4 wherein said

measuring means measures the torque applied

55 to said actuating means and the speed of its

rotation.

6. A system as In claim 5 wherein said

measuring means also measures the angular

position of said rotatable actuating member.

60 7. A system as in claim 1 further comprising

:

means for supplying information to said

computer corresponding to an exercise to be

performed;

and means responsive to said information

65 for controlling said resistive force producing
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means.

8. A system as in claim 7 wherein said

actuating member is rotational and is to be
rotated by the user and the measured force is

9. A system as in claim 8 wherein said

actuating means is movable and said measuring

means also measures the velocity of motion of

said actuating member in response to the

10. A system as in claim 9 wherein said

measuring means measures the torque applied

to said actuating means and the speed of its

rotation.

11. A system as in claim 1 further comprising 15

means controlled by said computer providing a

force to said actuating member to oppose the

force applied by said user.

12. A system as in claim 11 further comprising

means for supplying information to said com- 20
puter corresponding to an exercise to be
performed;

and means responsive to said information

for controlling said resistive force producing

means. 25
13. A system as in claim 1 wherein said

actuating member is movable, and further

comprising said computer means having means
to record a force curve applied by the user to

said actuating means as it moves, and means 30

for controlling said resistance producing means
in accordance with the recorded force curve of

the user.

14. A system as in claim 3 further comprising

means for calculating the torque applied by the 35
user over at least a part of the time of an
excerise cycle.

the applied torque. 5

applied force. 10

40

45

50

55

60

65
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